Abstract. This paper investigates relay selection and subcarrier assignment in cooperative OFDMA systems with considerations of QoS requirements. The joint resource allocation problem is formulated as a 0-1 integer linear programming problem with the objective of maximizing the system throughput. The efficient joint optimal algorithm is proposed to tackle the problem. By using the penalty function, the complicating constraints are included in the objective function and the special model with a totally unimodular constraint coefficient matrix is constructed that could be solved rapidly as a linear programming with reduced computational complexity. Numerical results show that the proposed algorithm significantly outperforms previous works in terms of both heterogeneous services support and QoS guarantees.
problem to maximize the energy efficiency subject to user's QoS requirements and proposed a QoS-aware energy-efficient resource scheduling algorithm based on Lagrangian duality.
In this paper, we investigate relay selection and subcarrier assignment in cooperative OFDMA systems where best effort service (BE) and real-constrained service (RC) are supported simultaneously. The resource allocation problem is formulated as a maximization of the total system throughput by satisfying the users' QoS requirements. It is observed that the problem belongs to the class of integer programming problems, for which an exact solution usually involves an exhaustive search, which is computationally extensive when the number of variables is large. Therefore, we propose the efficient optimal algorithm and include the complicated integer constraints in the objective function as penalty terms and obtain the relaxation 0-1 integer linear problem. After constructing the special model with a totally unimodular constraint coefficient matrix, the relaxed 0-1 integer linear problem can be solved rapidly as linear programming with reduced computational complexity. As the result of optimization, we show numerically that our proposed optimal algorithm significantly outperforms the traditional unconstrained algorithm in terms of both services support and QoS satisfaction.
The rest of the paper is organized as follows. Section 2 introduce the system model and problem formulation. Section 3 then presents joint optimal relay selection and subcarrier assignment algorithm. Section 4 provides the numerical results. Finally, section 5 concludes the paper.
System Model and Problem Formulation
We consider a single-cell OFDMA relay network with one base station (BS), multiple relay stations (RS) and mobile stations (MS). A slow-fading propagation environment is assumed so that the base station can acquire all channel knowledge perfectly and thus can perform a centralized resource allocation. Let The BS operates in a time-division-duplexing (TDD) mode and it can communicate with MS either in cooperative mode or non-cooperative mode. For the cooperative mode, we consider two typical types of relay schemes: amplify-and-forward (AF) and decode-and forward (DF). We denote 
where 1,
In this paper, we consider two types of services, best effort service (BE) and realconstrained service (RC), differentiated on the basis of required data rate and bit error rate (BER) criteria. BE service make their best effort to try to deliver a message but bit rate and delivery time cannot be guaranteed, for example, E-mail. RC services are rate-constraint applications such as VoIP and IPTV. Users in the system can be classified into M1 BE users and M2 RC users. For RC users, the QoS requirements can be expressed as
where m c is the minimum rate requirement for RC user.
Our objective is to maximize the system total throughput by jointly optimizing the relay selection and subcarrier assignment. Therefore the optimization problem can be formulated as:
Joint Optimal Relay Selection and Subcarrier Assignment Algorithm
It is observed that problem P1 belong to the class of 0-1 integer linear programming and it is computationally intractable because of the integrality. Therefore we are interested in solving the problem after relaxing the integrality requirement and exploiting the special network structure of these problems for efficient algorithms in this section. In order to solve the problem P1, we deal with the QoS constraint matrix (5) by penalty function and construct the following problem. 
is the penalty vector and t is the number of iterations.
Optimizing penalty vector  t
The QoS constraint matrix (5) is added as penalty terms to the objective in the problem P2. 
If the inequality is hold, It is observed that the formulated problem P1 belong to the class of integer programming problem, and thus, it is hard to find the optimal solution in a direct approach. In order to solve problem P1, we deal with the QoS constraint matrixes by penalty function and relax the integrality constraints to construct the relaxed problem with constraint matrix is totally unimodular. Solving the relaxed linear programming is much easier than solving 0-1 integer linear programming and make the computation more efficient. The usage of penalty function can guarantee the feasibility of solution and satisfy QoS requirements.
Proposed algorithm

Numerical Results
To evaluate the performance of our algorithm, numerical results are generated using a simulation scenario. We consider a cooperative OFDMA systems with N=64 subcarriers and a radius of 1km. Half of the users in the system are assumed to be RC users and the other half are BE users. These RC users have different rate requirements based on the applications and they are fixed for the whole simulation.
We compare our optimal algorithm with traditional unconstrained algorithm [13] from the perspectives of average sum rate, QoS satisfaction and average running time. Figure 1 shows the average rate obtained by each user for our optimal algorithm and traditional unconstrained algorithm. In the illustrative example, there are 4 RC users with different minimum rate requirements and 4 BE users. The first two RC users have QoS requirements . It is observed that for the unconstrained algorithm, the rates vary a lot between different users and the minimum rate requirements are not fulfilled for users 3 and user 4 which means differentiated services are not supported in the system. But the optimal algorithm satisfy the QoS requirement for all RC users and support all BE users. So, it can be concluded that our proposed optimal algorithm provide not only user satisfaction but also support heterogeneous demand as well. Figure 2 shows the average sum rate for the optimal algorithm and the unconstrained algorithm as a function of the number of relays. The optimal algorithm provides slightly lower sum rate compared to the unconstrained algorithm, because the optimal algorithm consider the QoS requirements of RC users. However, the performance gap gradually decreases with an increase in the number of relay stations. 
Conclusion
In this paper, we study QoS aware relay selection and subcarrier allocation in cooperative OFDMA systems and formulate the resource optimization problem to maximize total system throughput subject to users' QoS requirements. We propose the efficient joint optimal algorithm, include the complicated integer constraints in the objective function and construct the special model with a totally unimodular constraint coefficient matrix can be solved
